Sponsored by DOE's National Nuclear Security Administration (NNSA) Office of Defense Nuclear Nonproliferation Research and Development Office of Proliferation Detection, the FY14 Mass Spectrometry Workshop, hosted by Pacific Northwest National Laboratory, focused on Inductively Coupled Plasma Mass Spectrometry (ICP-MS). Thermal Ionization Mass Spectrometry (TIMS) was featured at the 2013 workshop hosted by Idaho National Laboratory; Secondary Ionization Mass Spectrometry (SIMS) is planned for the 2015 workshop hosted by Lawrence Livermore National Laboratory.
Figures

Participants
Prospective participants were identified through the TIMS course invitations assembled by INL, through professional contacts from staff at PNNL and through various academic, government, industry and stake holder networks. The following Tables are shown here:
• Table 1 : Academic Invite List. This information is also found in the separate "Excel" document "Academic Invite List.xlsx"
• Table 2 : Government and Industry Invite List. This information is also found in the separate "Excel" document "Government Invite List.xlsx"
• Table 3 : Attendee List. This information is also found in the separate "Excel" document "Attendance List FY14.xlsx"
• Table 4 : Closed Session Attendees. This information is also found in the separate "Excel" document "Attendance List FY14.xlsx"
• Table 5 : Student and Stipend Award List. Note that the yellow highlighted students were foreign nationals and therefore not eligible for stipend.. This information is also found in the separate "Excel" document "Attendance List FY14.xlsx" 
Registration Information
Two registration sheets were used to register and track attendees. One version was used for the open two day short course and the other version was used to track attendees for the closed session.
• Figure 1 : Registration Sheet for the open two day short course. This information is also found in the separate document "2014_MassSpecRegistration.pdf"
• Figure 2 : Registration Sheet for the closed one day working group. This information is also found in the separate document "2014_MassSpecRegistration_v2.pdf" 
Poster Presentation
The ICP-MS Workshop was advertised at the 2014 MPD Review at Oak Ridge National Laboratory in April 2014. A poster presentation was given on the topic and a flyer was available for distribution.
• Figure • Production of surrogate nuclear explosion debris using high power techniques that include the ICP, exploding wires and high power lasers. Richard Russo is the founder and scientific director of the laser material interactions group at the Lawrence Berkeley National Laboratory. His group pioneered laser ablation for chemical analysis, with over 30 years' contribution to fundamental and applied research. Dr. Russo has an international scientific reputation in chemistry and physics related to nanosecond and femtosecond laser-material-interactions (laser ablation), is co-inventor of the nanowire laser, and developer of a real-time standoff laser ultrasonic sensor, which earned an R&D 100 Award in 2006. He also is co-inventor of a patented process for nanotexturing (ITEX process) thin-films, lead-inventor of the patented ion-assisted pulsed laser deposition (IBAD process), which produced a world record critical current for HTSC materials, and a pioneer in elucidating fundamental laser heating and laser ablation processes for chemical analysis. His research group achieved world record 450nm spatial resolution and a detection limit of 220 attograms using a single femtosecond laser pulse for laser induced breakdown spectroscopy (LIBS) measurements. By pioneering near-field scanning optical microscopy (NSOM) with laser ablation, his group achieved 25nm diameter spatial resolution for sampling and analysis. His thesis work involved the development and characterization of advanced array ion detectors and their application to dispersive mass spectrometry instrumentation. He was a postdoc at the University of Arizona, where he continued work on using advanced charge amplifier arrays as detectors for mass spectrometers. Dr. Zarzana has been a postdoc at Idaho National Laboratory since 2013, conducting research on electrospray ionization mass spectrometry, with an emphasis on ion formation chemistry.
Presenter's Biosketches
Presentation Abstracts
The presentations were all summarized in abstracts to provide context for the overall short course. The biosketches are reproduced here for convenience but are also found in the file "ICP-MS Workshop FinalVol1.pdf."
Introduction and Overview of Inductively Coupled Plasma Mass Spectrometric Techniques
Greg Eiden, Pacific Northwest National Laboratory
This short course is the second in a series of courses sponsored by the U.S. Department of Energy (DOE). DOE seeks to offer training in advanced instrumentation and methods for detection of materials of importance. This training is designed to address the adaptation and operation of instruments that define the state of the art in isotope ratio measurements and to foster communication between laboratories and universities. It is hoped that these short courses will build interest and guide/mentor future generations of mass spectroscopy researchers. The course in 2014 is focused on inductively coupled plasma mass spectrometry (ICP-MS). In 2013, Idaho National Laboratory hosted a meeting and short course focused on thermal ionization mass spectrometry (TIMS) and in 2015, Lawrence Livermore National Laboratory will host a meeting focused on secondary ion mass spectrometry (SIMS).
Plasma and Ion Sampling Fundamentals in ICP-MS
Martin Liezers, Pacific Northwest National Laboratory
In ICP-MS "plasma and ion sampling" can be summarized as: How to form ions and then lose most of them! The ICP is a very effective ion source for elemental/isotopic analysis as can be gauged by the numbers of optical emission and mass spectrometry instruments in use. Much of the explosive development of ICP-MS, which has gone from "a wild idea" in the 1970s to an everyday lab instrument today, has been centered on what goes on in the plasma and the ion sampling interface, which still remains the region where most ions are lost. In spite of the low ion numbers that are actually transmitted into the mass spectrometer, ICP-MS remains one of the most sensitive techniques for elemental and isotopic analysis. Plasma and ion sampling covers the characteristics of the ICP that make it a good ion source, hot-cold plasmas, ion sampling from the plasma, enhanced interface pumping to improve ion transmission, ion energy with mass, and ion acceleration for magnetic sector ICP-MS.
Mass Separation
The ICP ion source has been coupled to almost every conceivable kind of mass separator and ion detector, however the most common instruments utilize either a quadrupole mass filter or a magnetic sector field to perform mass-based separation of the ions prior to detection. This talk will provide an overview of the hardware components of these two key mass separators as well as a brief introduction to the physics basis for separation. A few analytical performance metrics of interest such as resolution and sensitivity will also be described.
Sample Introduction Techniques
Charles Barinaga, Pacific Northwest National Laboratory
You've got a sample. You've got an ICP-MS instrument. Now what? All the various types of analytical instrumentation have particular techniques and requirements regarding how a sample is presented to the instrument in order for it to be able to produce meaningful data related to the sample. The two more common sample introduction techniques for ICP-MS, liquid nebulization and laser ablation of solids, will be introduced and briefly discussed. In addition, some alternative sample introduction techniques for different sample types (solids, liquids, and gases) will be presented.
Overview of Inductively Coupled Plasma Mass Spectrometry for Elemental Analysis
Chris Sorensen, Pacific Northwest National Laboratory
Applications of elemental analysis are far reaching, including trace elemental detection in medicine, geology, archeology, semi-conductors, and nuclear energy. Elemental analysis using inductively coupled mass spectrometry can be highly informative even when complex mixtures are analyzed. However, careful experimental design, use of the appropriate standards, and reference materials also need to be considered, prior to data interpretation. These slides highlight important experimental considerations and briefly describe some aspects of calibration and correction of signals from ICP-MS. Highlights from recent publications will be made to illustrate how elemental analysis information can be applied.
Sample Preparation and Protocols
Kellen Springer, Pacific Northwest National Laboratory
Experimental design, sample preparation and interpretation of isotope ratio measurements are presented through an example from isotope geochemistry.
Multi-collector Methods and Examples
Garret Hart, Pacific Northwest National Laboratory
The multi-collector (magnetic sector) inductively coupled plasma mass spectrometer (MC-ICP-MS) provides a powerful tool for the isotopic (and elemental) analysis of many of the elements across the periodic table. The MC-ICP-MS is ideal for high-precision isotope ratio spectrometry because of its flat top peaks, its efficient ion transmission, and its simultaneous detection of the ion beam on either faraday cups or ion counters. In this presentation Dr. Hart will focus on one example of the MC-ICP-MS-the Neptune Plus by Thermo Scientific. He will discuss some key characteristics of this instrument first, including the high-efficiency front-end, the interface pump, the ion energy filters, and the unique collector array designed specifically for U and Pu applications. Second, he will discuss some important parameters used to establish and evaluate the state-of-health of the instrument, including sensitivity, beam coincidence, peak shape, mass calibration, backgrounds, stability, and abundance sensitivity. Finally, Dr. Hart will provide a few example data sets generated with a MC-ICP-MS from his work in geosciences and from work at the lab.
Mass Spectrometry at the National Laboratories: An Overview
Erick Ramon, Lawrence Livermore National Laboratory
The results of a survey of national laboratory mass spectrometry capabilities are presented.
Laser Ablation ICP/MS Topics Part 1. Laser Ablation -Chemical Analysis
Rick Russo, Lawrence Berkeley National Laboratory
Laser ablation (LA) with mass ICP-MS detection is an excellent technology for direct sample (solid, liquid, or gas) analysis. Benefits of laser ablation include no sample preparation, no consumables, every sample, real-time analysis, standoff (LIBS) measurements, and more. Although the concept of laser ablation sampling is relatively straightforward-a high-power pulsed laser beam on a sample removes a small portion of mass for analysis-the fundamental processes are relatively complex and interdependent. Knowledge of ablation processes, reliable system components, and development of methods has led to excellent performance metrics (accuracy and precision) of this technology for routine chemical analysis.
In general, LA-ICP-MS provides ppb elemental analysis and isotopic ratios with per-mil precision. New research shows the ability to perform isotope measurements in the laser plasma at atmospheric pressure to complement ICP-MS measurements. This talk will present a general overview of the governing mechanisms for laser ablation, attributes of LA-ICP-MS, and the ability to simultaneously measure mass and optical emission providing a complete toolbox for rapid elemental and isotopic chemical analysis.
Part 2. Laser Ablation
Andrew Duffin, Pacific Northwest National Laboratory 
ICP-MS Instrument Specializations
This presentation is primarily concerned with isobaric interferences in ICP-MS. An isobar is an ion that has the same mass-to-charge (m/z) ratio as an analyte ion. If a mass spectrometer cannot separate it from the analyte, it becomes an interferent in the analysis, i.e., making the intensity of the response at that m/z appear to be greater than would be expected from the analyte alone. The nature and sources of atomic and polyatomic isobaric interferences will be discussed, as will the problems they create. Various techniques (high mass resolution, collision/reaction cell technology, and kinetic energy discrimination) for removing or lessening the effect of these interferences will be presented, including current, commercially available instrumentation that incorporate these techniques. Lastly, two alternative mass separation techniques, time-of-flight (TOF) and distance-of-flight (DOF) will be briefly presented.
Ion Optics Modeling
Chris Zarzana, Idaho National Laboratory SIMION is an ion optics simulation computer program used to design and analyze charged particle optical systems, from simple electrostatic lenses to complex mass spectrometry instrumentation. The program solves for the electric and magnetic fields produced by a collection of electrodes, and can compute ion trajectories due to those fields. This course presents a broad overview of SIMION, with emphasis on how to perform common tasks. Additionally, features in the newer versions of SIMION are highlighted.
Advanced Detector Technology, Revolutionizing Science Through Better Detection
M. Bonner Denton, University of Arizona
Array detectors have revolutionized many areas of optical spectroscopy. However, until recently the limited array detector technology suitable for the detection of ions has suffered from a variety of problems and limitations. This presentation will present the evolution as well as the current state of the art of a new family of array ion detectors capable of providing high sensitivity, high-stability detection of ions over large dynamic ranges. When coupled with mass analyzers capable of dispersing ions on a spatial focal plane, these detectors provide simultaneous analysis of large mass ranges.
Modes of operation including nondestructive readout, random access integration, and individual pixel gain control and addressing, will be described. Performance, figures of merit including detection capabilities, dynamic range, read noise and dark current will all be presented. Additionally, current and future design considerations will be considered.
Alternative Ion Sources for Trace Inorganic Mass Spectrometry
Doug Duckworth, Pacific Northwest National Laboratory
Why choose one ion source over another for inorganic MS? While the main MS methods considered in this series of short courses (TIMS, ICP-MS, and SIMS) are the workhorses of elemental and (inorganic) isotopic analysis, many other methods are also in widespread use or the subject of ongoing research. Ion source selection is based on many factors including sample size and type, whether the instrument is to be used in a fixed laboratory or is to be portable, and perhaps most importantly, performance trades: sample utilization efficiency (SUE), ionization specificity, and production of background and interfering species. The methods presented and discussed with respect to these performance trades include TIMS, Spark Source MS (SSMS), Glow Discharge MS (GDMS), pulsed glow discharge and RF glow discharge MS, atmospheric sampling glow discharge MS, laser ionization MS, and secondary ion and sputtered neutral MS.
Agenda
The agendas for each of the days can be found in Volumes one and two (respectively for Day 1 and Day2) of the Presentation Booklet "ICP-MS Workshop FINALVol.1.pdf" and "ICP-MS Workshop FINALVol.2.pdf"
• 
Conclusions
The participation in this workshop demonstrates strong interest at the graduate student level as well as by USG agencies in mass spectrometry. In spite of the maturity of ICPMS, senior scientists, as well as newcomers and grad students, from universities, industrial labs, and government labs attended. Interest came not just from those wishing to apply a mature technique to their problem, but from instrument and method developers as well. This broad interest is understandable in that continued improvements in analytical methods, not just mass spectrometry, are central to the advancement of scientific inquiry in the physical sciences. Without continued improvements in analytical methods such as mass spectrometry, the advancement represented by "Moore's Law" (the growth over time in device density in integrated circuits) and related metrics in other fields, stops! If PNNL can be of any assistance in the preparation for the 2015 TIMS course at LLNL, please don't hesitate to contact us. We look forward to attending.
